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EXISTENCE CONDITION FOR LAPLACE TRANSFORMS: 

If 𝑓(𝑡) is continuous and lim
𝑡→∞

{𝑒−𝑠𝑡𝑓(𝑡)} 𝑖𝑠 𝑓𝑖𝑛𝑖𝑡𝑒: then Laplace transform of 

𝑓(𝑡) is ∫ e−st∞

0
 f(t)dt exist for  𝒔 > 𝑎 . Similarly, if 𝑓(𝑡) is piece continuous on 

every finite interval in the range 𝑡 ≥ 𝑜 and satisfies such that |𝑓(𝑡)| ≤

𝑀𝑒−𝑠𝑡 𝑎𝑛𝑑 𝑠𝑜𝑚𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠 𝑘 𝑎𝑛𝑑 𝑀. Then the Laplace transform of 

𝑓(𝑡)exists for all 𝑠 > 𝑘. 

Example:  𝟏. 𝐿(
1

√𝑡
) exists though

1

√𝑡
 is finite at t=0. 

2.  𝐿(𝑒𝑡2
) 𝑖𝑠  𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 𝑒𝑥𝑖𝑠𝑡,because no matter how large we choose M and k, 

   we have   𝑒𝑡2
> 𝑀𝑒−𝑠𝑡 , forall  t> 𝑡0 where 𝑡0  is sufficiently large number. 

WORKED OUT EXAMPLES: 

Example1: Find Laplace transform of the following functions: 

(a )𝑡2 + 𝑠𝑖𝑛ℎ2𝑡 + 𝑐𝑜𝑠𝑡 − 2019         (b) sin (𝑤𝑡 − 3)       (c)𝑠𝑖𝑛24𝑡             

(d)𝑐𝑜𝑠3𝑡 

Solution: 

(a)𝐿(𝑡2 + 𝑠𝑖𝑛ℎ2𝑡 + 𝑐𝑜𝑠𝑡 − 2019) = 𝐿(𝑡2) + 𝐿(𝑠𝑖𝑛ℎ2𝑡) + 𝐿(𝑐𝑜𝑠𝑡) − 𝐿(2019) 

=
2

𝑠3
+

2

𝑠2−4
+

𝑠

𝑠2+1
−

2019

𝑠
. 

(b)𝐿{sin(𝑤𝑡 − 3)} = 𝐿(𝑠𝑖𝑛𝑤𝑡𝑐𝑜𝑠3 − 𝑐𝑜𝑠𝑤𝑡𝑠𝑖𝑛3) 

=𝐿(𝑠𝑖𝑛𝑤𝑡𝑐𝑜𝑠3) − 𝐿(𝑐𝑜𝑠𝑤𝑡𝑠𝑖𝑛3) 

=𝑐𝑜𝑠3 𝐿(𝑠𝑖𝑛𝑤𝑡) − 𝑠𝑖𝑛3 𝐿(𝑐𝑜𝑠𝑤𝑡) =
𝑤𝑐𝑜𝑠3

𝑠2+𝑤2
−

𝑠𝑠𝑖𝑛3

𝑠2+𝑤2
. 

(c)𝐿 (𝑠𝑖𝑛24𝑡) = 𝐿 (
1−𝑐𝑜𝑠8𝑡

2
) =

1

2
𝐿(1 − 𝑐𝑜𝑠8𝑡) 

=
1

2
{𝐿(1) − 𝐿(𝑐𝑜𝑠8𝑡)} =

1

2𝑠
−

1

2
.

𝑠

𝑠2+64
. 

(d)𝐿(𝑐𝑜𝑠3𝑡) = 𝐿 (
1

4
𝑐𝑜𝑠3𝑡 +

3

4
𝑐𝑜𝑠𝑡) =

1

4
.

𝑠

𝑠2+9
+

3

4

𝑠

𝑠2+1
. 

(since 𝑐𝑜𝑠3𝑡 =
1

4
𝑐𝑜𝑠3𝑡 +

3

4
𝑐𝑜𝑠𝑡) 

 


